Examination of the nucleotide sequences of the 16S-23S intergenic transcribed spacer (ITS) region of Mycoplasma imitans and Mycoplasma gallisepticum identified a putative transposase gene located only in the ITS of M. imitans, which can be used as a genetic marker to distinguish these two species. The relative size of the PCR products of the ITS region allowed a clear distinction to be made between strains of M. imitans and M. gallisepticum, both of which could be readily discriminated from the type strains of all the other recognized avian Mycoplasma species. In addition, the putative transposase gene assigned in the ITS of M. imitans was shown to include a sequence homologous to that of the P75 gene of M. gallisepticum. This is believed to be the first description of an insertion element in the rRNA operon region of a mycoplasma species.
INTRODUCTION
Mycoplasma imitans was first isolated from the turbinates of mule (broiler) ducks in southwest France, and tentatively identified as Mycoplasm gallisepticum by immunofluorescence and growth inhibition tests (Dupiellet, 1984) . Similar strains were thereafter also isolated from geese in France (Buntz et al., 1986) . These duck and goose isolates were found to be closely related to each other, but distinct from M. gallisepticum, by additional serological tests . Further biochemical and molecular analyses, including SDS-PAGE profiles of the cellular proteins, restriction endonuclease cleavage patterns of the genomic DNAs, the G+C contents, and Southern blot hybridization using rRNA and tuf gene probes, also supported the observation that duck and goose strains were similar to one another but different from the reference strains of M. gallisepticum (Dupiellet, 1988; Yogev et al., 1988a, b) . In addition, it was shown by DNA-DNA hybridization that there was a very close genetic relationship between the duck and goose strains but that the levels of homology of these strains with M. gallisepticum were only 40-46 % (Dupiellet et al., , 1990 . Based on the accumulated data, a new species, M. imitans, was established for the duck and goose strains (Bradbury et al., 1993) and it was recognized that M. imitans and M. gallisepticum are distinct species although their rRNA sequences are nearly identical, differing by only two nucleotides (GenBank accession numbers M22441 and L24103). Comparisons of 16S rRNA sequences have been widely used in taxonomic and phylogenetic studies of prokaryotes (Swofford & Olsen, 1990) , but 16S rRNA data alone may not be sufficient for defining very recently diverged species (Fox et al., 1992) . Therefore in this study the 16S-23S intergenic transcribed spacer (ITS) region of M. imitans and M. gallisepticum was examined in order to determine species divergence in these sequences.
The ITS region is an important tool for the development of DNA-based classification because it shows a significant degree of variation in length and sequence from one species to another (Gürtler & Stanisich, 1996) , and it can also be used to determine the relationships between genetically related bacterial species because of its high rate of divergence . The cistrons for rRNA molecules of most mycoplasmas are organized in an operon and arranged in the order 59-16S-23S-5S-39, in which the individual rRNA genes are separated by the ITS regions, which occupy about 25 % of the operon (Razin, 1985) . Two copies of the rRNA operon have been detected in M. imitans and M. gallisepticum (Dupiellet,1988) . The rRNA operon is transcribed in a monocistronic RNA transcript and ITS regions are removed from the primary RNA transcript by a series of co-ordinated nucleolytic events catalysed by rRNA-processing enzymes during maturation of the rRNA molecules. In this study, the ITS region between the 16S and 23S rRNA genes of M. imitans and M. gallisepticum was sequenced and compared. Having determined that the ITS region of these two Mycoplasma species was markedly different in size, we compared the PCR products of the ITS region of all the other recognized avian Mycoplasma species to see if the size differences had any diagnostic value.
METHODS
Strains and culture. M. imitans strains 4229 T (same progenitor as NCTC 11733), B2/85 and B35/84 and M. gallisepticum strains PG31 T (same progenitor as NCTC 10115), S6 (Zander, 1961) and F (Adler, 1960) were cultured in mycoplasma broth or on agar at 37 uC in a CO 2 -rich (5 %, v/v) atmosphere until the broth showed colour change or colonies appeared on plates after 1-5 days, as described previously (Bradbury, 1977) . The other avian Mycoplasma type strains shown in Fig. 1 were cultured under the same conditions. The identity of all the strains was confirmed by an indirect fluorescent antibody test (Rosendal & Black, 1972) .
T and M. gallisepticum strain PG31
T was extracted from 450 ml broth culture (10 7 c.f.u. ml 21 ) as described previously (Harasawa, 1996) . Type strain cultures of the other avian Mycoplasma species and the other strains of M. imitans and M. gallisepticum (1?5 ml) at the end of the exponential growth phase were transferred to a 1?5 ml sterile Eppendorf tube and centrifuged at 10 000 g for 10 min. The pellet was washed twice in sterile PBS and resuspended in 200 ml sterile water (Sigma) by vigorous vortexing. A 25 % suspension of Chelex 100 (Bio-Rad) (200 ml) was added and the mixture vortexed again. The mixture was incubated at 56 uC for 30 min, and vortexed again. After placing in boiling water for 8 min, the mixture was cooled on ice, vortexed again, and centrifuged at 10 000 g for 5 min. The supernatant fluid was transferred to a fresh tube and was stored at 220 uC before use.
PCR. DNA amplifications were performed with a forward primer (59-GGG ATG ACG TCA AAT CAT CAT GCC-39) and a reverse primer (59-TAG TGC CAA GGC ATC CAC C-39) in a DNA thermal cycler (Perkin-Elmer). Reaction mixtures contained 2?5 U Taq DNA polymerase (AB Gene), 0?2 mM of each primer, 16 reaction buffer, 1?75 mM MgCl 2 , 0?2 mM dNTPs, and water to a volume of 50 ml. DNA amplification was achieved with 5 cycles of denaturation at 94 uC for 15 s, renaturation at 60 uC for 30 s, and elongation at 72 uC for 2 min, followed by 30 cycles with the same parameters, except that there was an extension of 2 s per cycle in the elongation step. A 5 ml volume of each amplification reaction was subjected to electrophoresis in a 1?5 % agarose gel. Gels were stained with ethidium bromide (0?3 mg ml
21
) and DNA visualized with ultraviolet light.
Sequencing. The 16S-23S rRNA intergenic spacer region was amplified as described elsewhere (Harasawa, 1999 ) using a pair of universal primers, 16S-1359F (59-GGGTCTTGTACACACCG-39) and 23S-115R (59-GGGTTBCCCCATTCGG-39) (Lane, 1991) , with denaturation at 94 uC for 30 s, annealing at 55 uC for 100 s, and extension at 72 uC for 100 s. Amplified DNA products of M. imitans strain 4229
T and M. gallisepticum PG31 T were extracted from agarose gels and subjected to direct sequencing twice on each strand in an ABI Prism 310 Genetic Analyser (Perkin Elmer-Cetus) by primer walking.
RESULTS AND DISCUSSION
The ITS regions of the 23 type strains of avian Mycoplasma species were amplified by PCR (Fig. 1) . The nucleotide sequences of the type strains of M. imitans and M. gallisepticum revealed that their ITS regions are 2488 nt and 645 nt, respectively, in size (Fig. 2) . The ITS sequences from the two species were aligned using CLUSTAL X (Thompson et al., 1997) . The first 153 nt of the ITS region showed 96 % identity between M. imitans and M. gallisepticum (Fig. 2) ; this region is believed to form an RNA-RNA double strand with the leader sequence of the 16S rRNA (Chiaruttini & Milet, 1993; Liiv et al., 1998) . Similarly, the last 138 nt of the ITS region were almost identical (98 % identity) between the two species (Fig. 2) ; this region is believed to form an RNA-RNA double strand with the 39 flanking region of the 23S rRNA. These double-stranded regions contain a recognition site for the rRNA-processing enzyme RNase III (Chiaruttini & Milet, 1993; Liiv et al., 1998) . Our data suggest that the rRNA processing in M. imitans and M. gallisepticum is conducted by a similar RNase III, since the two species share common features at the 59 and 39 ends of the ITS region. A putative boxA sequence was found at 90 nt upstream from the 23S rRNA gene of M. imitans and M. gallisepticum. The boxA sequence is considered to be either an anti-terminator or an internal promoter (Berg et al., 1989) . Several palindromic sequences, some of which were nested, were detected in the ITS region of both the species (Fig. 2) . These palindromic sequences may be responsible for rearrangement of the ITS region (Gürtler, 1999) . The most common insertional genes found in bacterial ITS regions are tRNA genes, but neither tRNA genes nor their pseudogenes were found in the ITS of these two Mycoplasma species. This finding is common to all mycoplasmal ITS regions that have been sequenced (Harasawa, 1999) . Instead of tRNA genes, the M. imitans genome has an ORF of 1260 nt on the complementary strand of the ITS region. The amino acid sequence predicted from this ORF showed a high similarity score with bacterial transposases of Yersinia enterocolitica (72 bits), Bacillus halodurans (65 bits), Escherichia coli (61 bits) and Yersinia pestis (56 bits) using the BLAST algorithms (Altschul et al., 1997) . Although other M. imitans strains have not yet been sequenced, this is likely to be a common property among M. imitans strains, as the PCR products of the three strains all had a similar size by gel electrophoresis (Fig. 3) , which was distinct from that of all the M. gallisepticum strains tested (Fig. 3) . These sizes are relatively large among the Mycoplasma species, as most ITS regions are smaller than 500 bp. They are also larger than those of the other avian Mycoplasma species examined here. These size differences may prove helpful in discriminating between M. imitans and M. gallisepticum and also for distinguishing between these two species and all the other avian species.
Nucleotide sequences of a number of putative transposase genes in mycoplasma genomes have been deposited in GenBank, including insertion sequences in M. pulmonis strain KD735-26 [1203 bp of IS1138, GenBank accession Z16416] (Bhugra & Dybvig, 1993) Lo, unpublished) . Of all the putative transposase genes reported in mycoplasmas thus far, the M. imitans transposase is the first to be discovered in an rRNA operon. Although no typical or consensus motif has been found in the transposase protein sequences thus far, the amino acid sequence of the M. imitans transposase was found to be most similar to that of M. penetrans. Recently sequences more similar to the M. imitans transposase have been deposited in the GenBank database under accession numbers AE016967-AE016970 (Geary et al., 2003) . Although we have not examined the copy number of the transposase genes in M. imitans, at least six copies (ORFs MGA1325 and MGA0910 in accession AE016967, MGA1081 and MGA0073 in accession AE016968, and MGA0145 and MGA0147 in accession AE016969) of a transposase which shows similarity to the M. imitans putative transposase were present in the M. gallisepticum genome. The presence of the transposase gene element in the ITS may be a useful tool for differentiating M. imitans from M. gallisepticum. Both the ITS regions of the two rRNA operons in M. imitans are likely to include the same transposase gene because a single band was produced by PCR. Of 1260 nt of the anti-sense ORF found in M. imitans, 315 nt (25 %) showed a high identity (83 %) to the P75 gene and its 39 flanking region in M. gallisepticum [GenBank accession AY037872] (Spencer et al., 2002) (Fig. 2) recognized during natural infections (Spencer et al., 2002) . A possible explanation for the presence of this inverted gene could be that non-homologous recombination has occurred, followed by reverse transcription of the P75-like mRNA. Reverse transcription has been reported in some bacterial species (Lim & Maas, 1989; Varmus, 1989) . Although reverse transcriptase has not been reported in mycoplasmas, prokaryotic DNA polymerases are known to have some reverse transcriptase activity in some species (Lou et al., 1991; Myers & Gelfand, 1991) . An alternative explanation is that the transposase gene may have inserted downstream of the P75 gene and been imprecisely excised, leaving behind part of its DNA sequence.
Conclusions
This study reports the discovery of a novel insertion sequence present in the rRNA operon of M. imitans. This element, a putative transposase, is the first to be described in this region of the genome of a Mycoplasma species. The presence of an unusually long ITS sequence in this species could be useful in differentiating it from M. gallisepticum and other avian mycoplasmas. The complete genomic sequence of Mycoplasma penetrans, an intracellular bacterial pathogen in humans. Nucleic Acids Res 30, 5293-5300. 
